Abstract This work deals with the dielectric investigation of fluorinated water-in-oil microemulsions with perfluoropolyether (PFPE) compounds. The microemulsion ohmic conductivity and dielectric constant at different temperatures and frequencies have been studied at water to surfactant molar ratio W/S = 11 for monophasic samples having volume fractions of the dispersed phase, qS, in the range 0.2 to 0.6. The study as a function of temperature in the interval -10 ° to 40 °C showed a percolation phenomenon (Phys Rev E (1994) 50: 1313. The analysis in terms of scaling laws and the calculation of the scaling exponents indicated that the percolation process is mainly dynamic. Preliminary results are here presented of the study as a function of frequency.
Introduction
Since the pioneering work of ref.
[1] the percolation phenomenon has been demonstrated to take place in water-inoil microemulsions with hydrogenated oil for both waterbased [1] [2] [3] [4] [5] [6] [7] [8] [9] and waterless microemulsions [-10-12] , and for both ionic [,1-13] and non-ionic surfactants [13] (in this last case an electrolyte is added to the system). Recently, the percolation phenomenon has also been found in fluorinated microemulsions [14] composed of perfluoropolyether compounds, of which both the surfactant tail and the oil are perfluorinated.
When microemulsions are composed of aggregates of more or less spherical shape in Brownian motion in a continuous medium and sufficiently close to each other so that an efficient transfer of charge carriers between aggregates can take place, the percolation transition corresponds to the appearance of a cluster of infinite size. In practice, for a sample of finite size the increase of the number density of dispersed aggregates in the continuous medium forms one cluster which connects the system from one side to the opposite side (for example, the two electrodes of a dielectric cell containing the sample) at the percolation threshold. We recall that for hard-spheres dispersed randomly in an insulating continuous medium, the percolation threshold corresponds to the close-packing limit which is 0.65 expressed as volume fraction of the dispersed conducting phase. Microemulsions composed of dispersed aggregates in a continuous medium are systems of interacting objects. Therefore the interaction between the aggregates does play an important role [,15, 16] in the correlation of positions leading to percolation thresholds at volume fractions lower than 0.65. Moreover, the aggregates give rise to a cluster of infinite size, or percolate, either for an increase of the number density of the aggregates themselves [-2-6, 10, 11], or for a temperature increase [-3, 7, 8, 14] , or a pressure increase [-12 ], etc. The actual description of the percolation phenomenon corresponds to what is called dynamic percolation [15, 16] ; it differs from static percolation. The latter implies a coalescence of droplets, as the percolation threshold is approached, leading to the formation of one continuous channel of the dispersed medium (bicontinuous structure [-15, 16, 9, 17] ).
In ref. [14] we reported about the behavior of the static dielectric constant and the conductivity versus temperature of a fluorinated water-in-oil microemulsion at constant water to surfactant molar ratio W/S = 11 for which previous light scattering investigations at T = 25 °C [18] demonstrated that water droplets of hydrodynamic radius 30~ interact via an attractive potential (second virial coefficient c~ = -8). Analysis in terms of scaling laws and the calculation of the scaling exponents indicate a dynamic percolation process with an exponent s ~-1.2 below the thermal threshold for all the samples studied and above the thermal threshold for intermediate 4) values 0.33 < 4) < 0.48, where 4) is the volume fraction of the dispersed phase (water + surfactant)/(water + surfactant + oil). The exponents of static percolation s ~-0.7 were found above the threshold at 4) < 0.33 and 4) > 0.48. For all the samples /~ exponents ~-2 were found as expected for both static and dynamic percolation.
In this paper the percolation phenomenon exhibited by the system at W/S = 11 is analyzed by measuring the dielectric constant as a function of frequency.
Materials
Water was taken from a Millipore Milli-Q system. The oil and the surfactant are PFPE compounds of general formula reported in ref. [14] . The surfactant molecular weight is 710, with a molecular weight distribution of 95% by gaschromatographic analysis. The surfactant polar head is a -CO0-NH~ group. The oil molecular weight is 900, the density 1.8 g/cm 3 and the viscosity 6.2 cp. The ternary system water, fluorinated oil and fluorinated surfactant systematically studied in the range 10 ° to 80°C shows a monophasic domain throughout this range: the extension of the monophasic region changes as a function of temperature. The phase diagram behavior in the range 20 ° to 50 °C as well as the binary phase diagrams related to the system under investigation are reported in [-19 ]. The experimental procedure used to study the dielectric behavior of the PFPE microemulsions is described in ref. [20] .
Results and discussion
From the point of view of the dielectric properties, one microemulsion sample can be considered a conductorinsulator mixture, where the conductive part is the aque- ous region and the insulating part the oily one. Thus the microemulsion complex permittivity ~* at constant temperature and pressure, is a function of the complex permittivities of the dispersed phase (water) ~', of the continuous phase (oil) e~, of the 4) value, of the geometry of the system and of the interactions taking place within the system. The models based on mean-field theories that yield good results when interactions are weak, i.e., for low 4) values, and when the microemulsion can be considered as macroscopically homogeneous, no longer apply when the dispersed particles cannot be considered isolated, i.e., when clusters of varying sizes form. In this case the concept of percolation can successfully be used. In this paper we present the experimental frequency dependence of the complex permittivity for samples close to and at the percolation threshold. In Fig. 1 the real (e') and the imaginary (g.") parts of the complex permittivity (~* = e.' -je") are reported as a function of frequency at T = 20 °C for samples with different 4) values. In Fig. 2 the same parameters are reported as a function of frequency for one sample with 4) = 0.327 at different temperatures in the range 2 ° to 26°C. We point out that the study as a function of 4) performed at T = 20 ~C gives a percolation threshold 4)p = 0.401 [21] .
The frequency dependence of the complex permittivity for a conductor-insulating mixture in the frame of the percolation theory takes the form [3, 22] : e*(o) = E.exp [jg(1 -u)/2]-~o u-1 , (I) 
